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‘J’H1; M A R S  GI.OBAI. SLJI{VILYOR  SI’ACI;CRAFT  ‘111ST
1.A110RATOR}7

Kcyur l’atcl

‘1’hc spacecraft Icstbccl  is  a c r u c i a l  paII of t h e  spacccraf’1
cievelopmcnt and operations phase. CiiveI) t h e  a g g r e s s i v e
Schedule of the  Mars Global Sllrvcyol spacecraft, t b c
Spacecraft Test laboratory wi l l  play a crucial parl d uri n g
t h e  M(3S dcvc]opmcnt  phase  in s u p p o r t  o f  f l i g h t  s o f t w a r e
t e s t i n g ,  fault pmtcction testing, Scqllcncc testing, a n d
Other areas to mee t  the  November , ]99~ ]a~ll,cl, date.
Al though  it is basal on the Mars observer Verification ‘1’est
l a b o r a t o r y ,  tbc MCi S Spacccl  aft Test I,aboratory  requ i red  a
II(I IN bcr of h a r d w a r e and software modi f i ca t ions  to
accommodate the ncw spacecraft design, incorporate the
lessons learned during flight, and incorporate the
f ind ings  o f  t he  subscquc]lt failure investigations. ‘1’hc
resul t  is  a  modificci  tcstbcci  r e a d y  t o  s u p p o r t spacecra f t
in t eg ra t ion  aIlcl Icst and mis s ion operations to return to the
rcd plaacl. Tbc latest results in tbc usc of the Spacecraft
T e s t  1,aboratory  wi l l  bc prescatd.

IN’J’I<OI)UC’J’ION

‘1’hc Mars observer spacecraft was launched in November 1992 to
r e t u r n  to the  rcci  p]anct  to
and Viking spacecraft. 011

insertion, the Mars Observer
Mars Observer spacecraft on
planetary scicncc  (iatabasc,
continue Mars  cxp]oratiol)
(MGS) spacecraft.

Complete the database started by M a r i n e r s
August 21, 1993,
(MO) spacecraft

AugusL 21, 1993
~<t)  I’CCOVCI’  t h e

NASA approved

jus[ pr ior to ma r s  o rb i t
was lost, “1’hc  ]0SS Of t h C
cft a  voi(i in t h e  martian
loss of MO data  and to

hc Mars  Global  Surveyor

‘1’hc MO Vcrificalion  “J’cst  l a b o r a t o r y  ( t h e  MO Icstbcd) was  inili ally
dclivcreci  to JP1. in JLIIIC  1 9 9 2  f o r  opcrationa]  U S C.  I t  was  cxtcnsivc]y  LISMi

fo r  scqucncc
capability
investigation.

validation, flight software an(i fault  p r o t e c t i o n testing,
(icmonstartions, pl”occss verification, anti a n o m a l y
After the loss of MO the VT]. was in use over six months t o
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sLIpport  t h e  M O  f a i l u r e  r e v i e w  boards  and  p layed  a  significal]t  mlc 11

simulating the different scenarios 10 (ictcrminc the probable failures.  A
number of mollifications to incrcasc, f i d e l i t y  or corrcci  errors, in b o t h
harclwarc and sof[warc,  were rcqaimi  on the V“]’],  to s u p p o r t  t h i s  t e s t i n g .

Ii] JL]ly 1 9 9 4  l.ockhccd  Martin  A s t r o n a u t i c s (1.MA),  lknvcr,  w a s
Sclcctcd a s  t h e  MGS systcm Colltractol”. in  th is  capac i ty I.MA i s
responsib le  for the spat.ccrfat dcsi~n, integration, test, and o p e r a t i o n s .
‘1’o support  this activity the MO V“l’1.  was shipped from JP1, and installed
at I.MA in A u g u s t ] 994. ‘Ilc approach taken in adapting the MO WI. t o
MGS S’1’1. was to only modify what is necessary to reflect the MGS des ign .
‘1’his  rcsultccl in fcw m o d i f i c a t i o n s  t o
proven V1’1. systcm  i n t a c t .

MISS1ON I)lCSCI{IIVI’ION

T h e  MGS spacecraf t  i s  schcda
Gnavcral on a Delta 11/F’AM-D  l a u n c h
of 1996. After launch, the l;arth-Mars
an(i the spacecraft arrives at Mars in

the Vrl’l. and lcf[ the rest of t h c

cd to bc l a u n c h e d f rom Cape
vchiclc  combination in November
crL]isc pcriocl lasts for 10 m o n t h s
scptcmbcr of 1997 and performs

the Mars orbit insertion burn to place itself in 48 hour  e l l ip t ica l  orb i t
around Mars. By March of 1998, acrobrakil~g  will p]acc the spacecraft i n
its final orientation a{ a 2:00 PM Sun-sync horoas o r b i t  a t  an altit Lldc o f
378 Km above Mars. l’hc mapping phase  wi l l  begin in April 1998 a n d
continue  for a fall  martian y e a r  L]lltil Apr i l  2000.  Daring t h e  m a p p i n g
phase the nadir pointed instruments will  collect global clata on Mars.
After the completion of the primary mission the MGS spacecraf t
proviclc relay links for fLltlllC lancicd  C]cmcnts.

OVICRVIEW

As its prcdcssor  the S’1’1. is a projcc
provide the capability to verify/test the

will

rcsourcc  test facility which will
spacecraft hardware and f  ight

soft ware interaction uncler cliffrcnt c o n d i t i o n s . ‘1’he primary LISC of t h c
facility is for:

.  I;light  Scqucncc  ‘1’csting
● Flight Software Testing
● A n o m a l y Investigation
●  ‘1’cst  a n d  ‘1’raining  Ilxerciscs



● P r o c e s s  IJcvelopmcnt  and V e r i f i c a t i o n
●  S p a c e c r a f t  IIcvc]opmcnl  ‘1’csting

I~igL]rc 1 S’1’1, IIlock Diagram

]n the post l a u n c h  cnviornment IIIC S’1’1. will bc used in s u p p o r t  of t h c
firs[ 4 items.

‘l’he M O  WY. ha(l a II LIInbCI” of capabili t ies that Were Cxtl”cmcll]y
beneficial for simulation execution and
All of these arc available in the S“1’1..
capablitics  a r c :

o l>ausc  a n d  ~on[inue
o ~hcckpoint  and R e s t a r t
o ‘1’i mcj 11 m p
o  Memory Peck and Poke
o  F a u l t  IIljcction

After the loss of MO an(i during

simplified simulation operations.
Some of the more i report ant

the subsequent investigations a
l) LllllbC1’ of problems were d i s c o v e r e d  and corrcctc(i  in t h e  W’]. sys[cm.



,’

T h e  m o s t  s i g n i f i c a n t  p r o b l e m  conccrcncd  the g e n e r a t i o n  of tllc 10IIZ.
c l o c k  signal b y  the simulation clock. When certain fail Llrcs w e r e
in t roduced  into a s imula t ion , concerning the  C31J clock d i v i d i n g  c h a i n ,
the resulting effects were in cmJr CIUC  tO t h e  V’1’l.  supp]ing  a n  e x t e r n a l
10I1z signal to the simulation. This  external  signal is rcquiml for t h c
pause/continue f u n c t i o n  to work, The V“]’]. was modific(i  to funct ion  i  n
two modes. ‘l’he first mode will let the V2’1. func[ion in its normal  m o d e .
‘1’hc  SCCOIICI swi tched  tbc  VT], d u r i n g  t h e  s i m u l a t i o n  to the i n t e r n a l  10llz
s i g n a l  b u t  t h e  user l o s t  t h e  c a p a b i l i t y  to cxcrcisc  a  n u m b e r  of vJ’J.
capabilities. ‘ l ’h is  two mo[ie opera t ion  capablity  i s  main ta ined  for t h c

S’1’l ,. ThC  o t h e r problem cliscovcrcd w a s  t h e  l a c k  of a shaciowing
algorithm fOJ’ t h e  Sllll SCllSOr lllOdC]. This  was  never  corrcctcd  for V1’1.,
but it will bc corrcctc(i for S“1’1.. ‘1’hc re.s[ of the p r o b l e m s  wcr minor  a n d
w e r e  corrcctccl  on W’],  or will be corrcctcd  on ST] . ,

As the VTI+ the S’1’1. (l;igurc 1.) is comprised of the  Spacecraf t
C o m p o n e n t  S u b s y s t e m  (SC3S), the lntcrfacc IJnit Subsystcm  (l(JS), t h c
Real-’l’imc Computer Subsystem (l<”l’CS), and the USCI intcrfacc subsystcm
(lJ]S). The new addition to the S’1’1, is the “1’cst aIId Tc]c]nctry  a n d
Command Subsystem (’l’ rI’ACS).

T h e  SC3S c o n s i s t s of the. non-flight Conlponcllts of t h e  MGS
spacecraft command and IJata IIandling  S u b s y s t e m  (( WDI1). ‘1’hc non -
flight S/~  c]cmcnts  a rc  funct ional ly ident ica l  to flight prod  Llct. ‘1’hcsc
clcJncIlts  will  bc b u i l t  u s i n g  t h e  flight d r a w i n g s  and similar p a r t s  with
exceptions in packaging, t e s t i n g  and the use of c o m m e r c i a l grade
COJll])O)l  Cllt S. The entire CIRIJII subsystem is not rcprcscntcd  with t h c
hardware  boxes ,  some of it is emulated in software in the RTC3. It also
incluclcs a  p o w e r  and c o n t r o l  Llnit, tcsl illstrl]lllclltatio]l, ancl the MCi S
flight software.

The  SC3S consists of essent ia l  spacecraf t  components  to p r o v i d e
sL]fficicnt fi(iclity for t h e simulation. ‘1’bc spacecraft ha rdware
rcprcscntccl  in the  STI, a r c  t h e  Standar(i  ~o[ltrols  P r o c e s s o r  (SW), t h e
lingincering  D a t a  ];ormattcr  (IilJl;), t h e  Gmputcr lnterfacc lJnit  (~l~J) and
the Computer ]ntcrfacc lJnit  Extcnclcr (CIX), and  the  Signal C o n d i t i o n i n g
lJnit (SCIJ). The S0 is the Marconi chip set utilizing  the Mll,-Srl’1l- 1750A
instruction set with ]28K RAM words an(i 22K of prom for the safcmodc
software. The EDF performs the collection, distribution, and formatting
for the spacecraft cnginccring  da
The CIU and CIX function as the
dcviccs  on the spacecraft. The SC’

a and has 32K of R A M  a n d  2 2 K  p r o m .
input/output interface to the external

J consists of the relays required for t h c
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p o w e r s w i t c h i n g  on the spacec:irft. All the above boxes in the S“1’1. arc
fully redundant except for the SW. “1’hc  modifications to these boxes arc
dcscribcd  in Rcfcrcncc  1 .

The S~SS  also includes the power, c o n t r o l  and status  box(cs)  w h i c h
provide the means  to monitor and safely J~rovidc power to the  non-f l ight
hardware. T h e  tcsl illstrLll~lclltati[)ll provides a means of  captur ing
critical spacecraf[  signals,  mainly t h e  S0 and ~lU/C3X traff ic ,  logging
t h c m  for a  p r o g r a m m a b l e  p e r i o d ,  and proviciing  t h e m  IO [hc Rca]-rI’illlc
computer  Subsys tem

‘1’hc Rrl’C3 c o n t a i n s two separate soft Ware Co]llponcnts which
interface to each other and to the other S’1’1. sLlbsystcms. ‘1’hc r e a l - t ime
support software Colllponcnt s h a l l  p r o v i d e  f o r  Iclcmctry down]  ink,
command uplink and in ter face  to  the  user  sLlbsystcnl for  s imula t ion
control. The models software component shall  contain the S/~  m o d e l s
not rcprescntccl  in hardware and the modc]s  rcc]uircd to pcrfolm  C1 O S C CI
loop simulation,

T h e  RTCX consists of a MicroVax  3800 with 32 M b y t e  o f  i n t e r n a l
memory. It also contains the peripheral cc]uipmcnt  for display a n d
archival of 1/0 traffic, telemetry, u])link  data and event messages. ‘1’hc
pcriphcra]  cqLlipmcnt  includes a 1200 (3x400) Mbyte disk ~irivc  m e m o r y ,
a VT340 color graphics terminal, a line printer, an events pr in ter ,  a
digital tape system which can be usc~i for file transfer with JPI~, a cu st onl
S’1’1. simulation control JM1lC], c o n s o l e , a  mo[icm f o r  clcclronic  f i l e
transfer to/from JP1., a n d  an F.thcrnct intcrfacc.

‘1’hc lUS consist of the hardware necessary to interface the non -
flight hardware components t o  t h e  R’I’C3. 1( inclucles cLIston~  intcrfacc
circ Llitry, simulation Contl”ol electronics, and a command fjcneration
cJcctronics  clement, a master clock source (RX()) an(i a simLIJation clock
w h i c h  s t a r t s  a n d  s t o p s  witJl the simll]atioll. T h e  inlcrface e l e c t r o n i c s
wi]] be ab]c to rcccivc  s p a c e c r a f t  oL!tpLlt data and control signals from
the C3(J and will bc able to return simLllatc(i spacecraft input. T h c
intcrfacc  e lec t ronics  wiJl aJso  provide  256 d iscre te  digitaJ and 384 analo!,
simuJatcd  tclcmeiry  ciata an(i c o n t r o l  signais  to [hc ED1; f r o m  t h e  M o d e l s
Software (MODS) in the Real-Time ~omputcr. in  addi t ion ,  s imula t ion
controJ e l e c t r o n i c s  rcccives  c l o c k  an(i controJ information from t h C
sJ~acccraft Colnponcnts anc
Frame  (lH’F) tcJcmctry  at al
compLltcr.

wi]i i~c ab le  to  rcccivc  Ijnginccring  T r a n s f e r
S/CI rates an(i transfer HTF’s to t h e  R e a l - T i m e
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‘J’hc command  g e n e r a t i o n c l e m e n t  of t h e  lUS is used to s e n d  S/~
COllllN~JICi S and data  f rom the  Real -Time computer Subsystem a n c1
t r a n s f e r  them to the C3U in (Icmodulatcd DSN message format at al 1
specified M~IS spacecraft rates and in all spacecraft modes.

‘1’bc UIS i s  Llscd to inilialiyc  tests a n d simulation control, t o
perform post -process ing on logged simulation (iata, to display and print
itlformatio]l and t o  uplink S/~ commands . ‘l’he lJIS works ta t ion
computer is a MicroVax  3100, wi th  16 Mbyte o f  i n t e r n a l memory ,  312
(3x 104) Mbyte disk drive memory, a color  monitor, and a page printer.

~’he ‘1’rl’AC3 which  was  in i t ia l ly  tcstc(i  on the MC) W-l., after  i ts loss,
is USCC1 to  send spacecraf t  commancls an(i process  downlink  te lemetry .  I t
is also the same systcm which will  bc usccl  dliring  the A’I’1J3 phase of t h e
MGS spacecraf t  dcvc]opmcnt. ‘1’IIc ‘1’TAC3 c o n s i s t s  o f  a  San S p a r e  2
workstation, w i t h  32 Mbyte  of  in[crnal  memory,  2  (ibytcs of disk drive
memory, a  d i g i t a l  t a p e  s y s t e m ,  a lJC;onX i n t e r f a c e  ( s e r i a l  to cthcrncl
conversions), ethernet interface and a color moniior. The “1’TA~S a c a n
be considered as a black box which interfaces with the
uplink and down] ink capabilities. ]n t h i s  regard  i t  will
in this paper.

The three  m a i n  c o m p u t e r software configuration

STJ. to provide
lot be discussed

tcms utili~,cd i  n
the RTCYl  and the UIS arc the Real-’l’imc Support Software (f?TSS), t h c
Gmmand Telemetry and lJscr lntcrface Software (C1’LJS), and the  Models
Software (MODS).

l?cal-”1’imc Support Softvarc

‘1’hc 1<”1’SS contains 11 software conlponcnts which interface between t h c
host compLItcr  and the S“1’1. hardware. ‘l’he 11 fLlnctions a r c :

c S i m u l a t i o n  control
● “1’clcmctry ~ollcction  a n d  1 jogging
●  S~I’ 1/0 I’raffic  l,ogging  a n d  l~ispatching
●  ~ommand lJplink
● ‘1’imc  Executive
.  P o w e r  SUpp]y ~ontroller
●  M e s s a g e  ~)atpL]t ~011[1”0]
.  computer Process ]ntcrfacc  (includes

colll]lltlllicatiolls)
ntcr-co]llpll  c1



●  s t a r t u p
●  Model Profi]c  l,oggiag
. (~ommand Scquencc  V e r i f i c a t i o n

IJigure 2 shows the 1<’1’SS data block d iagram and the high ICVC1
r e l a t i o n s h i p s  bclwccn  the R’1’SS modLIlcs.

‘ l ’he  Simula t ion  C;ot)trol (SIMO’1.)  main ta ins  execut ion  cont ro l  of
the simulation in the ST].. It  provides the user Ihc capabili t ies to pau sc
and continue the simulation with 110 restrictions, 10 perform a
checkpoint and t o  rcstatl f o r m  a  p r e v i o u s  c h e c k p o i n t ,  t o  p e r f o r m
limcjumps, and to intcrmgatc [i 11 (i change S(3’ memory. SIMCYI’I.
processes simulation exccutioa  commands, data capture commands, and
p r o v i d e s  d i r e c t  a c c e s s  to the  SCH’ v ia  the  lntcrfacc  lJnit  using spccia]
sof tware  (ca l led  S0 Augmcntc[l So f tware  (A~JGSW)) executing in t h c
SC]%. “J’hc AIJGSW is not part of the h4CiS  f l ight  sof tware
the SCPS. The only mociification that needs to bc made to
is to redirect the l.cvcl O interr Llpt t o  point to AUGSW
f l i g h t  sor[warc’s  defaLl]t 1S1<. Wllcn f l ight  sof tware  i s
AIJGSW i s  i n a c t i v e ,  but when a  p a u s e  i s  rcqucslc(i,
nonmaskablc  level O interrupt,  AIJGSW  bccomcs  ac t ive .

but resides i n
flight software
instead of t h e
executing t h e
initiating tllc

~’clcmctry ~ollcction and l o g g i n g  lnoclulc inputs and logs
tclcmctry  and  S’1’1. statas d a t a . “J’hc input  da ta  cons is t s  of sJ>acccraft  IHIF
tclcmctry data and S’1’I . status information Collcctcd. Tclclnctry
~ollcction and ],ogging i s  c o m p o s e d of  two Compollcllts. The first,
‘1’clcmctry  collection, inputs  tc]cmclry  and S’1’1. clata and passes the data
to t h e  0’~JS. “1’hc  s e c o n d ,  ‘1’clcmctly lmgging, logs 1+1~1~  tclcmctry  f r a m e s
and S’1’1. status  f rames  to  d isk .

c~om m a nd lJplink F’roccssing OUt])Llt  S

(:ommand  G e n e r a t o r  a n d  inpL]ts  d a t a  f r o m  t h e

t o  v e r i f y  t h e  uplink  ancl t h e  s p a c e c r a f t  r e a c t i o n

input  comman(l  d a t a  i s  f r o m  t h e  CT(JS a n d  t h e
M e s s a g e  l’ile (S{;Mf~) ‘l%c ver i f ica t ion  of the

uplink clata to t h e
spacecraft which is LI scd

to t h e  c o m m a n d s . T h e

JI)l. sLlpp]ied  Spacec ra f t
execution of spacecraft

commands is accomplished by checking a J]’]. sapp]icd Prcdictcd Effects
File (1)1; 17) using  downlinkcd  c o m m a n d scqacnce  nLlmbcrs anti t c] cmct ry
data,

and
have

mode] state changes, and SC;P 1 /0  cvcat  d a t a .

T h e  T i m e  Hxccutivc  mmiu]c  (rl’IiX~) mainta ins  a l l  S’1’1. t i m e  b a s e s
p r o v i d e s  prcciscly  timc(i activation of s o f t w a r e  c o m p o n e n t s t h a t
strict  t iming rcc]uircmcnts.



‘]’hc P o w e r  s u p p l y  Col)trollcf’  nlodulc monitors the Power Supply ,
saving  i t s  current data  to  shared  memory for access by the Tel CJll Ct ry
~ollcction  ~S~.

10 Other
RTSS Corrlponents

~lin)e[lasc Tck$rorn Ev,ent Printer

‘sSagesT;>%,.=
Aug
SW mta -

I

‘“’W  0,,.,,.,

xl- . . . . .

1Itiorm

Exoccted  Command!

6/ E;ent Messages
Stahl from all CTUS

Components
STL Power
Supply Fa.~ “V.%t%l?y oqucsls and
Monitor .omn)  and  Packets

Figure  2 Real-’l’ime Suppor( Software Data I+’low Diagram

T h e  M e s s a g e  ~LltpLlt  Jllodu]e  pl”ovi[ies  Ihc m e c h a n i s m  for o t h e r

RTss c o m p o n e n t s t o  issue  cvc.nt  m e s s a g e s which notify the operator of
errors and other significant events  that occLIr d u r i n g simulation runs.

A l l  cvenf m e s s a g e s  gencraled  arc loggcci on a ciisk file an(i arc output  I o
the events printer.

‘1’hc computer P r o c e s s  ]ntcrfacc  JllOdll]C (0]1 F )  provi(ies  t h e  RTSS
~S~l with the ability 10 {ransfcr  J>ackcts between any of its processes o r
with another Jnodll]c w h i c h  Jmay be running o n  Ihe same or d i f f e r e n t
Complltcrs. It aiso provi(ies  t h e  i n t e r f a c e  p o i n t  f o r  t h e  t r a n s f e r  o f
packcls  b e t w e e n  t h e  R’I’SS and the U’US anti MC)IIS r e s i d i n g  on the IIost



Computer. Simulation file selection requests from t h e  (T1’IJS  arc
p r o c e s s e d  b y  t h i s  pmccss. ‘1’hc }Iost Mamgemcn[ }:i]c i s  m a i n t a i n e d  b y
~}’1}~,  which describes the I1OSI mmputcr’s  files

“]’}lC ]<’]’SS  Staltllp modLIlc  (S7’R”I’)  pmvidcs  t h e  s i n g l e  p o i n t fro m
which software components residins  on lhc Host  computer arc invoked ,
including the creation of queues to provide the mechanism by which
these components communicate ‘1’hc M()]M is  a l so  ac t iva ted  by  this
pl”omss. STRT i s  r e s p o n s i b l e  f o r  initial  i~ing d a t a b a s e s  and star~illp,
software components in an orctcrly  f a s h i o n , for whose execution m u st
first  bc a prcrcquisitc  to another software component’s execution.

“1’hc  Model Profile logging module  (M1’I.OG)  logs MODS mmlcl d a t a
and traasfcrs m o d e l  d a t a  t o  t h e  (3’US. Ml’] ,OG creates a table of log
i tems and saves  th is  tab le  in the Moclcl Pmfilc  I.og l:ilc. MP1.OG logs t he
d a t a  pcrioctica]ly  to disk during  a  s imula t ion  run .  ‘1’he l o g g i n g  i n t e r v a l
is SC1 by the user and can be as fast as 0.5 seconds to 60 seconds .

Command Tclcmctry and lJscr In(crfacc

T h e  ~ommaad,  TclcmcIry,  and lJscr  lntcrfaec  s o f t w a r e  p a c k a g e ,
CTUS,  contains (I)c ncccssary  components  to  perform  the fLlnctions  1 i st cd
bc]ow.

o

*I

c1

o

0

●

●

●

●

●

●

●

Database Manage.mcnt and Generation
ST].  System Star[up
computer ]’mccss lntclfacc (inc]uctcs in ter -computer
collllllLlllicatiolls)
‘]’imc l~xccutivc
Displays
Prints
S T ] .  systcm control
“J’elemctry Processing
Spacecraft Memory  Management
Spacecraft commanding  Off-line Support Software
command l i s t  G e n e r a t i o n
Post-} ’mccssing

l;igure 3 s h o w s  t h e  CT(JS data b l o c k  (iiagram  and t h e  h i g h  ICVC1
rc]ationships  bctwccn  t h e  OWS n~odu]cs.
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The ciatabasc management 111 OC]Ll]C (l>BMG) proviclcs a  u s e r
fricnci]y  environment to facilitate the creation and modif ica t ion  for t h c
d a t a b a s e  f i l e s  used by other  C’1’LJS. “l’he d a t a b a s e  soflwarc  p a c k a g e  i s
IIlgrcss. D a t a b a s e s  arc m a i n t a i n e d  for t h e  f o l l o w i n g :

●  S p a c e c r a f t  commanding
● Telemetry Processing
●  ].imit ~hccking
●  ~lU/~lX ~onfiguratioll
.  M o d e l  I’aramctcrs

SCF’IE [)F Memory
—

Image  Ilcs

[

From Data  Mmagcmnt

I

4 A
Fr.m  All Event Messages

cl us 10 ottl
Components cl us

Con)poncnls

Tl”>c  code
Gcnerat,on

Creamn

I I---IN I EEa

Log F 110
/

Activation

k

Packcls  &
Data

Posl
Fl)tcred TLM Pr<,r...inr,

L, <)(-b pn”~~ Displays

}q ]:7, IUs : Entrk?s

Tcrmhal

Men. Con(r

H,gh SpeCd Printer
Line  Prmtcr m-ho W0&s!ati+S7K I I 1,s! Ccmtml  I ]

l;igurc  3 ~ommancl ‘J’clcmctry User  lntcrfacc IIata  l“ilow D i a g r a m

Database Management function provides t h e  ~TUS w i t h t h e
capabili ty of storing and retrieving information in t h e  ~T~JS run-t i ]nc
database. lJscr  inJ>Llt for a particular database creation (e.g. T e l e m e t r y ,
Gmman(i, etc. ) is through a m e n u  cnvirc)nmcnt  anti cxccutcci off-line a 1
a  t ime when the  S“1’1.  is not p e r f o r m i n g a simulation or on a n o t h e r
workstation.
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The crl’Us Startllp module (Sri’Rrl’) provicles the single point from
which software components residing o n  t h e  w o r k s t a t i o n c o m p u t e r a r c

invoked, including the creation o f  q u e u e s  to J>rovidc [he m e c h a n i s m  by
which these Components conl Jllunic.atc. STRT is responsible for
initial  i~,ing da tabases  and s tar t ing  sof tware  components  in  an o r d e r l y
f a s h i o n ,  for w h o s e  e x e c u t i o n  m u s t  f i r s t  be a prcrcc]uisitc  t o  a n o t h e r
software component’s execution. S“IR”l’  is also rcsponsib]c  for t}]c o r d e r l y
shutdown of the ST], software components executing on the Workstation.
An S“1’1. simulation is started by silnp]y  typing “GO_V’1’1~’  (in tribute t o
MO) and the simulation is terminated by tying “STOl’_VTl.”.

The ~omputcr P r o c e s s  ]ntcrfacc module  (CYIF) p r o v i d e s  t h e  ~’1’US
with the ability to transfer packets between any of its processes which
may be running on the same or dif”fcrcnt  computers. II also provides t h c
interface point for the transfer of  paekcts  b e t w e e n  thC CT(JS to the 1<”1’SS
and MODS.

T h e  q’imc }ixccutivc m o d u l e  m a i n t a i n s all S“1’1.  time bases a n c1
provides  precisely timed activation of software components that h a v e
strict timing requirements.

T h e  d i s p l a y  m o d u l e  pmvi~ics for the  d isp lay  of  s imula t ion  run-
timc data and post-processing data generated from the lllOdC]S,  ]}[]~
Olltpllts, a n d  SC3’ 1 /0  ac t iv i ty . The c]isJ3Jay
T e l e m e t r y P a g e  l>isplay  (for V’I’-34O t e r m i n a l s )
l>isJ31ay.

‘1’hc print n~oduJc p r o v i d e s  for the hardcoJ~y

types consist o f  t h e
and the 1 / 0  ‘1’raffic

Outpllt o f  s i m u l a t i o n

r u n - t i m e  data  and  post -J~roccssin~ d a t a  g e n e r a t e d by the  models ,  lil)l~
outputs, SO 1/0 activity, and S’1’1. rLln-tinlc  control.

‘ l ’ h e  A u t o m a t e d  TCSI ~ontto]  funct ion  alJows a u t o m a t i c , tinlc  -
ordcrcd  execution of some S“1’1. functions which arc also menu sclcctablc.
Due to the automation of discrctc  stcJm, the ACH’1. provides the ability t o
repeat  the identical simulation with generally the same timing on the
S1’1 . . The S“1’1.  run- t ime s imula t ion is controlled by prepared tes t
schcdu]cs  consisting of commands and associated time tags for ST]. run-
timc control, model parameter modification and faul t  illjcction,  a n d
spacecraft commanding. ‘l’his is acconlJ>]ishcd  through Automated “1’cst
Procedures (ATPs). An AT]’ is a free-format ASC31 text file created by t h e
lest oJ3crator using the VAX/Vh4S text editor or any  computer J)l-ior t  o
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St~ltill~  t h e  tCSt Tllll. T h i s  w a s  the prefcrcd  method  on M O  for sccILlcncc
tcsiing  and flight  sof tware  rcgressioa and b a s e l i n e  t e s t i n g .

T h e  tc]cmciry  process ing  module  (’I’1.MP) configures and initial i~cs
the  ST1.  to rcccivc  this tclcmclry d a t a  from the host computer via t  h c
(ml;. T] .MP  c h e c k s  the rcccivc(i  (Iata a g a i n s t  u s e r - d e f i n e d l i m i t s ,

dccc)mmutatcs tclcmctry  minor f r a m e s  i n t o  i n d i v i d u a l  tclcmctry  poi nls

and stores  [ h i s  clala
111  O(i Lll CS. TI,MP also
]ll”C-SC]CCtCd thrcshc)ld

The sJ>acccraft
S0 and IDF memory
to  command up]ink

in the CY1’[JS d a t a b a s e f o r  U S C  b y  o t h e r  CH’IJS
l o g s  t o  d i s k  e a c h  telcJllctry  point  w h i c h  e x c e e d s  a

( f i l t e r ) .

Jll Clll  O~y Jllanagcmcat JllOd U]C (SMHM) stores t h C
image and f o r m a t s the (iata for  la ter  compar isons

JllCJll  Oly loads. SMfiM iJlJ3UtS a SCCOJICi f i l e
c o n t a i n i n g i n f o r m a t i o n of SC3’ COCIC a n d  d a t a  for m a s k i n g  a r e a s  during

mcmoly c o m p a r e . SM~;M gathC.JS  tCICJllCtJ’y  dLIJllp  d a t a ,  s~p Or r;l]~;,

p a s s e d  f r o m  t h e  TI.MP  JNOdLllC  and stores  the data into files OJ1 d i s k .  T h e
collection is started WhCJl a  lllClll  OJ”y dun) p i s  iniati:ited from t h c
scT/IHl}~  a n d  t e r m i n a t e s  W h e n  t h e  dLIJllp CJICI a d d r e s s  h a s  been rcachcci

0 1  t h e  dLllllp  i s tC~lllillatCd  b y  allOthCl  ~l”OUJld  CO1lllll:lJld.

T h e  S p a C C C r a f t  ~OJllJllaJldi  Jl~ fLIJICtiOll  pU3VidCS  thC c a p a b i l i t y  fOl

bLli]cii  Jig, v a l i d a t i n g ,  d i s p a t c h i n g  a n d  LIJ~]illki  Jlg b o t h  individ  Llal and

b l o c k - m o d e  c o m m a n d s  inc]uding  memory  ]oacls, as (icsignatcd  via In c n u
and automatic test proccdums, tO thC S]>aCCClllft  (Cq LJi J)lllCIJt). ThC 11 SC]”

c r e a t e s  AS~ll COJlllllalld  l ists Llsing  the VAX/VMS text c(iitor or i m p o r t s  a
file in the proper format. c o m m a n d s and data words iJl tlJc file  a]”c

spccificd  v i a  d a t a b a s e - d c f i J ] c d m n e m o n i c s . command CXCCLlti  CJJl  tiJll CS

a n d  c o m m a n d v e r i f i c a t i o n r e q u e s t  f l a g s  are a l s o  s p e c i f i e d  in Ibc f i l e .

I’he S p a c e c r a f t  ~oJnJmandi  Ilg fLIJlction,  in o r d e r  t o  a c c o m p l i s h t h e

c r e a t i o n a 1) d trans Jllission CO Jlt J’01 o f  c o m m a n d SC C] LJCll  CCS to the

spacecraft, contains software componc]lts w h i c h  cxccutc o u t s i d e  t h e  S ’ 1 ’ 1 .

rLllltimc e n v i r o n m e n t as Well as COJllpOJICllt  S w h i c h  e x e c u t e  on diffel”c.llt

C0111pLltCJ3 a n d  d i f f e r e n t  softwalc  C o m p o n e n t s , CH’(JS a n d  RTSS. ‘1’h c
lLlllti Jll C CT(JS  COJllpOllCIlt  S f o r m binary Colllmancl m e s s a g e s  f r o m

c o m m a n d  list text files, w h e r e a s  t h e  1<3’SS c o m p o n e n t  i s  rcsponsib]e fo r
s e n d i n g  t h e s e  c o m m a n d  b i t  scq Llcnccs  to the. commancl generator  a t  t  h c
sJJccificd t i m e s  for Llp]ink t o  tlic spaccclaft. ‘J’hc RTSS a l s o  c h e c k s
telemetry data to obtain command v e r i f i c a t i o n  stat Lls dLlring c o m m a n d
SC CJUCJICCS. The offline ~rJ’~JS components a l l o w s  t h e  u s e r  to bLli]d SW
s c r i p t  Commallci  files  for  Cvclltual  Llp]ink.
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MO{](?1S

T h e  models  sof tware  (MOIN) pmvidcs the closed  loop s i m u l a t i o n

r e s p o n s e  for the spacccraf[  SC;P colnmands  to m e e t  the s imula t ion  needs.
T h e  M O D S  ~SC3 e x e c u t e s  w i t h i n  t h e  S’1’1. RTC3. MOIIS p r o v i d e s
simulation sup]mr(  for a l l  phtiscs and modes  of t h e  MGS m i s s i o n ,
providing simplified models  where physical effects arc not detected o r
r e s p o n d e d  to by the flight sof[warc. “J’hc interfaces between the moclc]s
arc shown i n  Figure  3. “1’hc  fLlnctions  pcrfomecl  by  the  MOIIS  CSC a r c :

●  S i m u l a t i o n  of the s p a c e c r a f t  h a r d w a r e  within  [he AACX, ~&l~ll,
Pay]oad,  Power  and Pmpu]sion  sLlbsystcms

● Simula t ion  of the solar and planetary positions
● Simula t ion  of the space.craft  dynamics and power
●  G e n e r a t i o n  of simula~cd t e l e m e t r y  data
●  lmgging  of r e q u e s t e d  events  and d a t a
. ]lxccution  c o n t r o l
●  l;ault  ill~cction

M O D S  Wi]] SilllU]atC the s p a c e c r a f t  sLlbsystcms  and their i ndividua]
hardware devices including the processing of the SW device  c o m m a n d s ,
generation of its telemetry poin(s, creation of t h e  S~P inpuls, a n d
determining aJly changes i n SJ22iCCCJ”aft s ta te . ‘1’hc cicvicc JI1OC1C1S

provided  in the S ’ 1 ’ 1 .  am:

●

●

●

●

●

●

●

●

●

●

●

●

Reaction Whcc]  Assembly (RWA)
]ncr[ial  M e a s u r e m e n t  llnit (lMU)
~clcstial  Sensor  Assembly
Mars horizon ScJ~sor  Assembly
JJour Pi Stcra(lian  Sun Sensor  A s s e m b l y
Solar  Array  G i m b a l  l)rivc lilcctronics
IIigh  Gain Antenna G i m b a l  IIrivc Fllcctmnics
Propulsion System
ThcrJllal  s y s t e m
Power  system
IIata Handl ing
launch  System

‘1’hc non-device models  in the S’1’1. are:

●  Enviornmcntal  Model
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● D y n a m i c System Moclcl
.  Iiphemcris Model  Subsystcm

I;igurc 4 shows the MOIIS data b lock  d iagram and the  h igh  ICVCI
relationships between the MODS modLllcs.

‘ l ’ he  RWA moclcl simu]atcs lhc R W A  hardware  for the X, Y, Z, a n d
Skew RWAS. The simulation includes  modeling the receipt of conl man ds
f r o m  t h e  SCl);  gcncralion  of tbc whcc] t o r q u e inputs  to  the  IIynamics
Moclcl;  output to the S0’ of wheel speeds, directions, power on/off a II d
power-limitc(i status; simulate. d IH)li tclcmctry va]ucs; and t h e
introduction of simulated hardware failures.

The lMCJ lllOdC] simulates the gyroscopes, accclcromcters,
electronics, and C3A interface of the MGS i n e r t i a l mcasurcmcnt u n i t .
‘J’hc IMLJ ]I)OLIC1  takes  the  angular rates  al)cl a c c e l e r a t i o n  of the spacecrtift
, translates that information into corresponding s i m u l a t e d  lMIJ sensor
data, and outputs th is  da ta  10 the OIJ/S~P via the l~J. The IM(J m o d e ]
also formats the star transit data from the ~clestial Senso r  Assembly
(~SA) lllOdC] f o r  output tO t h e  s~;~’s

‘1’hc CXA m o d e l  simu]atcs Ihc clctcction of starlight entering t h c
}~OV of the slits in the ~clcs[ial  Scllsor Assembly.  }~or each simulated star
transit, t h e  ~SA  lllOdC]  o u t p u t s t h e  s t a r  t r a n s i t  t i m e  and slit n u m b e r ,
T h i s  ]nodc] s i m u l a t e s  both the  opera t ion  o f  the  ha rdware  an(i the  ac tua l
star image crossings. ‘1’his  model was mo(iificcl  on MO to include a full
star catalog capability,

‘1’hc M1lSA m o d e l  simu]atcs the operation of  the  four  quadrants
and d e t e c t o r  a s s e m b l i e s  of the MklSA  a c c o r d i n g  t o  sJ>acccraft  attjtlldc,
J>osition,  cphcmcris, and the  pos i t ion of Mars to provide informat ion
about the detection o f  t h e  M a r s  hori~on fo r  p r imary  attituc~c c o n t r o l
rcfcrcncc during t h e  M a r s  mapping  J>hasc. T h i s  moclc] a l s o  s i m u l a t e s
the electronics rcquimd  to provide digital attitude error data to the SC3’.

The SSA model simu]atcs the operation of the two-axis SLIn  s e n s o r

asscmb]ics  to cictcrminc  t h e  mcasurcmcnt  o f  t h e  SLII1 v e c t o r  w i t h  r e s p e c t

to the s p a c e c r a f t . The SSA IllOdC] provides a  mcasurcmcnt Of the S 11 n
vector in b o d y coorclinatcs. ‘J’hc moclcl simulates the r e d u n d a n t
asscmb]ies  on the  spacecraf t by operating in one of two modes. It  can
accept a command f r o m  t h e  g,rounci  (via the S0) to select the cictcctor
or it can operate in automatic mo(ic. ‘1’hc model simulates t h e
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g e n e r a t i o n  of an analog  A T A  ( A u t o m a t i c  ‘J’hrcsholcl  Ad.iLIst)  sigl~al
proportional to the intensity of the  inc ident s u n l i g h t  and sends cl at a

from the detector with the highest A T A .  11’or t h e  c o m p u t e r  clctector
selection JllOd C, the model simultite.s  the selection of a  sensor .

OWIR USAGE

BOOY  V[clons

~mL,,*,~r,  ~  slvuLA1Er~1c1E~:F7Ry

riooY  Wclom

4POWE  usAGr

CMOS

1 OH(JUE

+?% “uSlblULA1t  [J IELEh!Elfl  Y

};igurc 4  Models l>ata  I(Iow l)iagram

The SAD 111 OC1C] simu]atcs  t h e  c u r r e n t  ancl s t a t u s  f r o m  t h e  Solar
Array  a n d p r o v i d e s  a mcasurcnlcnt of a7. illl Llt}l/clevatioll spcccl,
direction, and position. “1’his model funct ions  a lso  illc]udes  the  rece ip t ,
processing and validation of SC2’ commands that  a f fec t  the  gimba] drive
e l e c t r o n i c s  and rotation  of the solar a r r ays . The motor  drive m oclc] 1 cd
by the SAD subsystem is capab]c  of operating in t w o  c o m m a n d modes:
l<atc and Step. ‘]’hc operating mode is sclcctccl  by the i n p u t c 0111 1)1 a 11 d
word. The  SAII m o d e l  a l s o  compLltcs  t h e  p o s i t i o n  o f  e a c h  solar  a r r a y
with respect to the spacccaf[

T h e  IIGA lllOdC] simu]atcs  the current  and status of the IIigh (iai n
Antenna during s]cwing and proviclcs a mcasurcmcnt o f
a~,illlllth/elcvatioll  speed, direction, and posit ion. This  model  funct ions
also includes the receipt, processing and validation of S~P c o m m a n d s
that affect the gimbal clrivc electronics ancl position of the }] GA. ‘1’hc
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motor drive  modellcd by the IIGA lllOdCi SLlb SySt C1ll i s  c a p a b l e  of
opcra[ing  in two command modes: Rate and Step. ‘J’hc operating m odc
i s  sclcctcd  b y  t h e  inJ>ut command word. I t  a l s o  calcu]atcs  t h e  lICiA
position w i t h  rmpcct to the  spacecraf t  and the a n t e n n a view of t h c
l;arth.

The thruster mode] simulates the operation of t h e  ])ropulsion
Systcm. ‘J’his inc]u(ics the rcccivinp, a n d  p r o c e s s i n g  of S(T con~mands  for
t h e  p y m  v a l v e s ,  latch v a l v e s ,  thmstcrs, and lhc main e n g i n e . It will
prod LIcc t h e  a s s o c i a t e d  tclcmctry Valllcs, and a l l o w  f o r  t h e  {H’(JS t o
simulate hardware failures. ]n addit  on, this model also calcu]atcs  t h c
forces and tmqucs resulting from the operation of the bi-pmpcllant  a n d
1110 n 0-

T h e  t h e r m a l  nlo(icl  provi(ics u p  ancl dc)wn tcnlpclaturc ramps  for
mch of  the  Dif ferent ia l  Thcrllltil ~ontlc}llcl  (DT~)  tlctitcl--corltr[)lle(l
clcmcnts  on  the  spacecraf t moni(orcd by the flight software. The
r a m p i n g  i s user-control]ccl so that flight software r e d u n d a n c y
management of the DT~ heaters can bc tested. Additionally, this model
proviclcs u p  a n d  d o w n  tcmpcraturc ramps for the NTO and MM]] tanks
( w h o s e  h e a t e r s  arc ac t ive ly  control]cd  by the  f l ight  sof tware) . All
temperature points within the simulated bus tclcnlctry 1)1 ay b c

controlled by the user through tclcmctry overrides and take prcccdcncc
over  tcmpcraturcs  calculated by the thermal control mocicl.

The power moclc] establishes the sJ~acccraft  p o w e r  b a l a n c e based
on commanded loads  ancl systcm  c o n f i g u r a t i o n . It also accepts a n d
validates lhc power  commands f r o m  t h e  SO an(i outputs data a n d
tclcmctry,  s imula t ing the regulation strategy of the battery and s]] u n t
activity i f  cxccss p o w e r  i s  :ivailablco “1’his moclcl dctcrmincs t h e
operating point of the solar array, a n d  ca]culatcs  the total power 1 oad
being used by spacecraft equipment S U C h  a s  t h e  D T R s ,  l<WAS,  GDI;,
hrustcrs, the anticipated load f rom the  heaters , as W C] ]  as  payload
nslrLlmcnt o n / o f f  commancls,

in the spacecraft,  the XSU provides switched digital  signal a n d
iming interfaces i n  t h e  G41)}l. ‘1’hc swi tched interfaces pcrm i t

c o n n e c t i n g  the outputs of the PIJS, lilll~, and 7’0S to three F,lcctronic Un its
a n d  f o u r  l’ape Units,  and to two transponders and also permit t h e
connecting of playback outputs on  the  rccorcicrs  t o  t h e  t r a n s p o n d e r s .
‘1’hc XS(J mode]  wi l l  proccsscs  the  commands  tha t  cont ro l  the  s ta te  of

I the XSU.
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“1’hc  S S R  lllOdC] s i m u l a t e s the l“CCOrd, position, a n d  p l a y b a c k
commands. I’owcr consumption is also mmlclcd.

‘l’he MUI’ lllOdC] reccivcs, p r o c e s s e s ,  and v a l i d a t e s the  S0’
commands  tha t  cont ro l  the MOrl’s, ‘l’W’l’A, ancl l<l; power  amplifiers. 1 t
a l s o  m a i n t a i n s  t h e  stat Lls of the comma  ncicd  cc] Llipnlcnt.

T h e Pm model mce.ivcs, processes, and validates lhc SCP
c o m m a n d s  t h a t  c o n t r o l  the odoff status  of the PDS a n d  t h e  s c i e n t i f i c
i n s t r u m e n t s . T h i s  model  i s  t u r n e d  o f f  w h e n  t e s t s  a r c  b e i n g  c o n d u c t e d  ~~
with the 1’1]S hardwrae  in tegra ted .

l’hc launch sys tem mode] cons is ts  of i n t e r f a c e s  w i t h  lhc ground
suppor[  equipment (GSH), the Titan 111, Transfer Orbit Stage (’1’0S) a n c1
{he MO adapter, Within the launch subsystem, modelling  will be limited
to fixed output parameters as a function  of comma ndcci  s t a t e .

The cnviornmental  torque model computes a l:ouricr  S- term series
aJ>proxinlating the net environmental torq  Llc. ‘1’hc c o e f f i c i e n t s  f o r  t h c

series  a r c  c h o s e n  to a p p r o x i m a t e  ihc t o t a l  o f  t h e  g r a v i t y  g r a d i e n t  torcjuc,

solar radiation pressure  torque , and aerodynamic drag torques. ‘1’WO sets
of coefficients arc available: one set for mapping and another set for
c r u i s e . T h e  a n g l e  Llscd for cva]Llating  the I~oLlricr series in crLlisc  mode is
the angle from the X axis to the sun about the -Y axis. in mapping m o d c
the series is evaluated using t h e  angle f r o m  pcriapsis. The series
evaluation may be overridden by an user-sJ>ccificd environmental torque
(in the body frame) for a specified number of cxccu{ion cycles.

The dynamics system models t h e  dynamica] state o f  t h e
spacecraft. It takes info account all external lorc]ues  and forces, inert ias,
mass, RWA torques a n d  Jllomcnlum, and  the s y s t e m 111 OJll Cllt Ulll. It
utilizes  a fourth  order  RLIngc  Kutfa i n t e g r a t i o n of the  s ta te  cc]uation t o
compute the dynamic s(atc o f  t h e  sJ>acccraft.

‘l’he spacecraf t configuration model maintains t h e spacecraft
s t ructura l  and mass  Jnodc] as it varies d u r i n g  t h e  m i s s i o n . This model
dctcrmincs  t h e  s p a c e c r a f t  m a s s  a n d  p r o p e l l a n t m a s s  u s e d  a s  w e l l  a s  t  h  c

l o c a t i o n  o f  t h e  s p a c e c r a f t  ccntcr of Jnass  a n d  t h e  i n e r t i a  t e n s o r .  I t

c o m p u t e s t h e  r o t a t i o n iJ~to lhc n e w  pri Jlcipal a x i s  systcJll  f r o m  t  h  c

s p a c e c r a f t  b o d y  systc  Jn of  cooJ’dinalcs.
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The spacecraft stale  mode]  def ines  the  dynamical state of t h e
spacecraft in inertial space. i n  ]jarlicLllar, it determines t h e  a n g u l a r
velocity, momcmt u m , position vector, and the orientation vector of the
sJ3acccraft in its orbit in incrl ial space. ‘J’his  m o d e ]  i s  a l s o  an orbit
propagator tha t  wi l l  incluclc e x t e r n a l  f o r c e s  a f f e c t i n g  the orbit of t h c
spacecraft. It provides the dynamic inputs inlo the lMU which reflect
lhc motion and acceleration of Ihc spacec r a f t in its orbit and the

simulatc(l spacecraft orientation in inertial sJ>acc  for Ihc at 1 i t u cle
determination sensor models a s  wc]l a s  tl~c cllvir~lllllelltal torque
models .

“1’hc ephemeris mode] subsystem def ines  the  posi[ion  of Mars, l;arth
and the Sun in inertial coordinates. “1’hcsc unit vectors arc t h e n
transformed into body-fixed coordinates using the  iner t ia ] to b o d y
transformat ion based on the derived attitude of the  spacccrafti Three
cocfficicnl  matr ices  arc used to ca]culatc  the Mars, liarth  and S u n  v e c t o r .
These matrices are based on approximations of the motion of Mars, liarth
and sun , and they provide accurate rcsu]ts  for a short period of time. A
ncw matrix containing cphcmcris data mLlst  bc J~roccsscd b y  t h i s  m o d e ]
subsystcm  whenever ncw ephemeris ciata i s  commanded to the S0. N o
SC3’ commands are reccivcci  by  th is  mode] subsystcm. No data  or
telemetry is output by this mode] subsystem. ‘1’hc epbcmcris  mode]
subsystcm  outputs data to other models for usc in their calculations.

‘l’he F,NV IllOdC] subsystcm simulates t h e  cxtcrnaJ torc]ucs and
forces on the spacecraft that are  a  rcsuJt of soJar p r e s s u r e ,  g r a v i t y
gradient ancl aerodynamic c]rag. A  t r u n c a t e d  Iiouricr  Series is LIscd t o

p r e d i c t t h e s e  cJist  Llrbances. No SC3’ commands a r e  reccivccl b y  t h i s
111 O(IC] subsystem. No tclcmctry  is output by this moclc]  s u b s y s t e m . Ttlc

liNV moclc] sybsytcm  o u t p u t s  dala to o t h e r models  f o r  Llsc i n  t h e i r
calculations.

Nrl’l{Rl~A  CM UNIT

T h e  lnterfacc  lJnit  Subsystcm  (llJS)  p e r f o r m s  t h e  1 / 0  b u f f e r i n g ,
reordering and (imetagging of information t r a n s f e r  f r o m  t h e  IIost
c~omputer  to the SCXIS equipment and from the SC3S to the }Iost.  ‘l’he l~J
also contains a simulated RX() which provides the cJock source for b o t h
t h e  S~SS  and systcm simulation C;lock.
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‘J’hc IUS is a system of racks in a number  of c a b i n e t s  w h i c h  c o n t a i n
the cc] Llipmcnt that interfaces the S(;SS to the IIost  ~omputcr. ‘1’hc IUS is
c o m p o s e d  of VMl;bus  (IIIEII IOJ4) sys tems each of which is control]cd  by
a vc. ndor  sLlpp  Jicd VM13 indus t r ia l contro  JJcr (PME 68-14). TWO Systcll”ls
a r c  c o n t a i n e d  in t h e  SimLIJation  (;lock chassis and onc is conttiincd i n
each of the three intcrfacc chassis, ‘1’hc purpc)sc o f  the I) MI; 68-14 is t o
controJ t h e  t r a n s f e r  of da ta  bctwccn  the RT~S and the SCHSS. T h e  o t h e r
circuit cards that comprise the five lntcrfacc  Unit VMflbus sys tems arc  a
combination of vcnc]or supplied and Cllstolll clcsigncd cards. All
intcrfacc  to the VMF.bus  according to IIililj 1014 intcrfacc  speci f ica t ion .

l’hc d a t a  provictcct by the. R“l’CX for input to the S(YS has to bc
transfcrrcct 10 the ]Us. Since  th is  da ta  must bc in pJacc in the
a p p r o p r i a t e  I(JS buffer  whcJI the inpul rcq Llcst  is rcccivcd,  the R’J’~S w i l l
gcncratc  this data faster than rea l - t ime. ‘1’his  is ac.conlplishcci  b y  m e a n s
of an a d v a n c e d 10 Hz, interrupt which the IUS sends to the mode Js
s o f t w a r e  in the R’1’C3. q’hc aclvallcccl 10117,  il)tcrrll  J)t Sent  f rom tllc ]U t o
t h e  }Iost Compl]tcr is usccl by MOIXS to start iis process  to  gcncratc t h c
da ta  rcquircct  to provide to the S~SS  for the ncx[ intcmpt  c y c l e .

The IUS chassis provides simuJatcc  J discrc,  [c and analog  tcJcmctry
to  the  EI~I~  in the S~SS. All tclcnlctry  p o i n t s  a r c  u p d a t e d b y  a  singJc
message from RT~S.  The message is rcccivcd  via a DMA transfer from a
]]OSt ~OlllJ>LltCr a n d  i s  t e m p o r a r i l y storcct  in t h e  c h a s s i s  control]cr  c a r d
message buffer. The  cjclllcllts o f  t h e  m e s s a g e  a r c  d i s t r i b u t e d to  the i r
individual ctcstinations  by the chassis control ]cr. ‘1’bc ctiscrctc Jmints a r c
t r a n s f e r r e d  16 at a time in 16 t r a n s f e r s . ‘1’hc 384 analog  vaJLlcs a r c
transfcrrcci  onc a t  a  t i m e  t o  t h e .  384 analog  i n p u t s  o f  t h e  lH)I~. I:ach
val Llc is maintaincct in i t s  buffer  until i t  i s  u p d a t e d .

‘1’hc lUS a l s o  t r a n s f e r s  1 / 0  e v e n t  m e s s a g e s  and (21~J/~lX  di scrctc
huffcr  output from the SCXIS to the RTC3. The occurrence of an 1/0 CVCH t

i s  scnsc(i by ctircct c o n n e c t i o n s tO the SC1’ 1/0 buses. “]’hc b U S

information i s  bLlffcrcd  and multi  pJcxc(i b y  cil.cLlits  wit}lill t h e  N]~S~
(:abinct  a n d  t h e n  t r a n s f e r r e d v i a  h i g h  spcc(t “1’’1’1. line drivers a n d
matching rcccivcrs on t h e  A d d r e s s  Dccodcr  ~ircLlit w i t h i n  ]nterfacc
C h a s s i s  2  in the lntcrfacc  lJnit. All  connections to the S0 1/0 bLlsscs  arc
buffered with high impedance Jinc rcccivcrs  t o  p r e v e n t  l o a d i n g . ‘1’bc
(~l[J/~lX  bLlsscs  of each S~P arc mLlltiplcxcci  to rcdLlcc  the cabling to l~J

‘1’hc S i m u l a t i o n  ~lock  ~hassis (SIM~l.K),  in the IIJS, conta ins  t  h  c
intcrfacc f o r  t h e  Downlink  ‘1’clcmctry from the IillI~, the serial interfaces
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to and f r o m  t h e  EDF a n d  tbc ~l(J/(71X,  cliscrclc outpLlts  to the CYU
and the Simulation ~lock  circuitry. ‘1’he simulated RXO proviclcs a
Mhz RXO s i g n a l  to b o t h  t h e  OU a n d  t h e  SIMcI.K.  T h e  CILJ takes
signal and divides it down to provide thC Sf3S COlllJ>OllCllt  S with
appropriate signals. Mcanwhi]c  the SIMO.K  takes  the  same s ignal
divides it clown to provide the clock sources needed in the S’1’l..

Plm,
5.12

t h e
t h e
and

FT--l Simulakcl  cliscrctc  & analog  lines

—~ l;nginccring tckmdry clock & data lim

lAL—_____ ~11/01’rafficcvcnts  (ll’WOI)R shlus.  a(klrcss,

,. .,.

p+-=j ,l~uft’cr failure injcdion
Brcakpoin[ trigger

lntcrfiacc  Unit Subsystcn
,.

]:igurc 5 ]ntcrfacc  Unit S u b s y s t e m  }Iigb I.CVCI IJiagram

The command g e n e r a t o r  (CXi), in the I(JS, a c c e p t s  s p a c e c r a f t
command data from the host compulcr and conver ts  i t  to a uplinkablc
m e s s a g e  ( D S N  f o r m a t ) . It gcncratcs  and  appends  the  chccksLlnl  as well as
the acquisition, hca(i, tail  an(i icilc s e q u e n c e s . T h e  CKl s u p p o r t s  a l l
uplink bit rates  required for MGS including the 5000 bps GSE rate.

~ON~I.lJSION

The MO VT1. is on its way to bc succcssful]y  converted to the M G S
S’1’l . system. With the significant inhcrtancc.  from MO the MGS l’rojcct
bad a working testbccl  early  in the development process.  This provided
early support fo r  flight s o f t w a r e  t e s t i n g  t o  minimixc  the jmpact  to t h c
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spacecraft integration schedule. As the PrcJ~cct  enters its different J>hascs
in the dcvclopmcnt  and opcmtions  p r o c e s s  t h e  ST1. w i l l  b c  r e a d y ,
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